o C and can withstand temperatures of over 100 o Cfor short periods of time before softening. The fibre is susceptible to degradation by UV radiation (sunlight) and oxygen; however, in the concrete matrix this problem is eliminated [8] .Polypropylene is in the polyolefin family of chemicals. Chemically inert, it will not rust, corrode or rot, and it will not absorb water. Little or no flame spread on the surface of PPFR panels was reported in laboratory tests [9] .The presence of fibre in concrete improves heat resistance and prevents the destruction of the structure due to water vapour pressure [10] . The controlled cracking by polypropylene can be converted into useful economical advantage as less use of shrinkage steel, reduction in thickness of slab by up to 30% and ideal for joint free design [11] . f. Dosages: Many experimental works related to the use of polypropylene fibre in concrete have been published. In most cases, volume fractions of polypropylene fibre for this application ranged from 0.1% to 0.5% [12] . g. Applications of poly propylene fibre:
In the past several years, an increasing number of constructions have been taken place with concrete containing PPF such as foundation piles, prestressed piles, piers, highways, industrial floors, bridge decks, flotation units for walkways; it is also used for controlling shrinkage & temperature cracking [3] .The main area of PPFRC applications includes buildings (slabs, beams, water storage tanks, pool construction, basements, architectural finishes, cement tiles and plastering, foundations, drainage etc.), bridges, highway pavements, industrial floorings, hydraulic structures, blast resistance, sewage and waste management and other applications include plaster to reduce plastic shrinkage cracking, increase abrasion resistance, increase freeze and thaw durability, control plastic settlement cracking etc. [4] . h. Cost of fibre: The higher initial cost by 15-20% is counterbalanced by the reduction in maintenance and rehabilitation operations [13] .
i. Fresh Properties of PPFRC: Workability:
The workability of Polypropylene fibre concrete has been found to decrease with increase in Polypropylene fibre content [4] . From laboratory studies of concretes containing about 0.1 percent by volume of PPF the results showed that adding fibre reduces the slump of concrete. Data from recent laboratory and field tests indicate slump losses ranging from 1⁄2 inch to slightly over 3 inches, but there is little correlation between slump reduction and fibre length [14] .With addition of fibre, the entrapped air voids increase and hence the increased air content reduces the workability causing difficulty in compaction of mixes. The fibre may also interfere and cause finishing problems [2] . Contractors are cautioned not to add water to restore lost slump; adding water won't improve workability but will reduce strength and increase shrinkage [14] . In PPFRC higher workability can be achieved with the addition of High Range Water Reducing admixtures [2] and [15] .
j. Hardened Properties of PPFRC: 1. Compressive Strength:
Contradictory test results have been reported by different investigators regarding to the effects of polypropylene fibre on the compressive strength of concrete materials. Differences in results may have been caused by the differences in matrix composition, polypropylene fibre type and volume fraction and manufacturing conditions [16] . An example of the divergence of statistical test data, is given by comparison of work by Mindness&Vondran, Hughes &Fattuhi, whereby Mindness&Vondran state compressive strength is increased by 25 percent at 0.5% volume fraction of PPF and Hughes &Fattuhi state, compressive strength decreases with increase of PPF [17] , [18] .Alhozaimy et al carried out experimental investigations on the effects of adding low volume fractions (<0.3%) of calculated fibrillated polypropylene fibres in concrete on compressive strength with different binder compositions. They observed that polypropylene fibres have no significant effect on compressive strength [19] .
The reasons of reduction in compressive strength:
The compressive strengths of Polypropylene fibre mixtures are found to be less than that of PC The decrease in compressive strength may be because the presence of fibres introduces more air voids in the composite and also create consolidation and compaction problems and hence reduces the compressive strength of the mix [4] . The limits of reduction of strength with regard of air entrained concrete are defined by klieger who stated, "For moderate strength concrete, each percentile of entrained air reduces the compressive strength about 2 percent to 9 percent. Actual strength varies and is affected by the cementing materials source, admixture, and other concrete ingredients [20] . Super plasticizers, when added to fibre reinforced concrete, can lower water: cement ratios, and improve the strength [3] .
Modulus of elasticity:
Elastic modulus of concrete containing 0.05% polypropylene is slightly higher than the elastic modulus of concrete without fibre. Addition of 0.10% and 0.20% polypropylene fibre not only did not improve the values of modulus of elasticity but also reduced it [21] .
Split Tensile Strength:
In conventional concrete, specimen splits into two halves exactly under the loaded area, but using Fibre cylinders did not split into halves under the loaded area; Because of toughness it did not yield to sudden breakage [22] . Song et al noted an increase of 10% in the split tensile strength of fibre reinforced concrete at the fibre dosage of 0.6kg/m 3 [23] . While Ahmed et al studied that the tensile strength of concrete increases linearly with addition of fibres up to about 0.40% after which the tensile strength decreases with addition of more fibres. The tensile strength increases about 65%~70% up to 0.40% after which it decreases. Tensile strength is increased due to bridging mechanism of polypropylene fibres and after certain time it reduced the bond strength between concrete ingredients so results in quick failure as compared to less volumes of fibres [11] .
The reasons of increasing in splitting tensile strength:
Addition of fibre to a concrete mixture is beneficial to the tensile properties of concrete. Brittle matrices, such as plain mortar and concrete, lose their tensile load-carrying capacity almost immediately after formation of the first matrix crack [4] . It can be seen that the stress-displacement behaviour up to first crack is almost the similar for both PC and Polypropylene fibre; however the post-peak behaviour is different and the addition of Polypropylene fibres to concrete helps in increasing the post peak deformation capacity and enhancing the post-cracking strength of PPFRC in tension. In the case of PPFRC, the PP fibres come into action after the first crack. After the first crack occurs, the strength of the PC reduces immediately and the crack widening leads to the splitting of the cylinder. Once the splitting occurred and continued, the fibres bridging across the split portions of the matrix acted through the stress transfer from the matrix to the fibres and, thus, gradually supported the entire load. The PP fibres bridge these cracks and restrain them from further opening and hence improve the load-carrying capacity of structural member beyond cracking. The stress transfer improved the tensile strain capacity of the fibre-reinforced concrete and, therefore, increased the splitting tensile strength of the reinforced concretes over the unreinforced control counterpart After the first crack, a drop in the stress is noted which shows the stress transfer from concrete to the randomly distributer fibres, which further take the applied load by elongating [4] .
Effect of fibre length on splitting tensile strength:
Vairagade et al studied the effect of length of fibre on the split tensile strength of fibre reinforced concrete and observed that, the split tensile strength of fibre reinforced concrete was dependent on length of fibre used. By addition of longer length fibre, the split tensile strength increases. Use of 24 mm long fibre with same volume of fraction gives maximum split tensile strength over fibre 15 mm and 20 mm cut length. The overall effect of 24 mm long fibre when used in fibre content of 0.25% of weight of cement was that, it improved the split tensile strength of concrete by 72% [24] .
The reasons of increasing in Flexural strength:
Before the occurrence of the first crack, the load-deflection behaviour of all PPFRC beams was found to be similar to that of the control beams. Just after the appearance of the first crack, control beams suddenly failed and the load-defection behaviour showed a steep and sharp drop after the peak (maximum) load and thus exhibited little or no post-cracking deformation capacity. However in PPFRC beams, after the occurrence of the first crack, a drop is observed in the load-deflection curve as the load is released and transferred from the matrix to the fibres, and afterwards that the beams continues to withstand a portion of the load with increasing deformations and widening of the cracks. The PPFRC beams continue to resist load with increasing deformations by virtue of the elongation of the randomly distributed discrete fibres and ultimately fails at large deformations as the fibres reach their maximum elongation. The combined effect of the volume and the length of the fibre on the average flexure strength-displacement behaviour is that the PPFRC with the greatest volume and length showed the greatest vertical displacement [4] .
II.
Experimental Program Coarse Aggregate: The coarse aggregate used is natural uncrushed of maximum size 20mm. 
Water
To mix the ingredients of concrete Tap water has been used.
Admixtures
Super plasticizer without retarding was used to obtain adequate workability (SP903 confirms to ASTM C-494-Type F, B.S 5075-Part 1, ASTMC1017). The recommended dosage range is 0.2-2.5% of mass cement. Super plasticizer was produced in Sudan by SERAPHIM Concrete Additives Company. The total mixing time was 5 minutes; the samples were then casted in steel moulds and compacted, then left for 24 hours before demoulding, then they were placed in the curing tank of 20±2 o C. Water absorption of coarse and fine aggregate was taken into consideration b. Test Methods
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Fresh Properties Slump test:
Experimental investigation of fresh mix Properties was conducted based on BS 1881-102: 1983 using a slump cone of 305 mm high. The base of 203 mm diameter is placed on a smooth surface with the smaller opening of 102 mm diameter at the top, and the container is filled with concrete in three layers. Each layer is tamped 25 times with a standard 16 mm diameter steel rod, rounded at the end, and the top surface is struck off.
Hardened Properties: Compressive Strength test:
The test was conducted according to BS EN 12390. The universal testing machine of 1500Kn capacity was used for testing the compressive strengths of nine 150×150×150 mm cube specimens at 7, 14, and 28 days from casting for each mix. The load was applied on the cube at a constant rate of stress equal to 0.2 to 0.4MPa/second. The compressive strength interpreted by stress generated from the result of compression load 
Influence of Polypropylene Fibres on Concrete Properties
Figure 2: Compressive strngth test apparatusFlexural Strength test
Flexural Strength test:
Flexural strength (at 28 days of curing) test was conducted according to the requirements of BS EN 12390-5:2000 using three 100 × 100 × 500 mm beams under third-point loading on a simply supported span of 400 mm. The load was applied at constant rate of loading within the range 0.04 MPa/s (N/mm² x s) to 0.06 MPa/s (N/mm² x s). The load was applied without shock and increase continuously, at the selected constant rate ±1 %, until no greater load can be sustained.According to BS EN 12390-5:2000 standard, the results of flexural strength test is interpreted by calculating flexural stress as following: R = PL/ bd 2 . Where: R is flexural strength (modulus of rupture), P is maximum indicated load, L is span length, b is width of specimen, and d is depth of the specimen. 
Splitting Tensile Strength test:
Split tensile strength (at 28 days of curing) test of three 150×300 mm cylinders is indirect measurement of tensile strength of concrete which were conducted according to the requirements of BS EN 12390-6:2009. In the split tensile strength test, cylindrical concrete specimen is placed on diametrical compressive force along its length. The load is applied continuously at a constant rate until failure of cylinder along its vertical diameter. To allow the uniform distribution of applied compressive load, strips of plywood are placed between the specimen and loading platens of the testing machine. The load was applied at constant rate of loading within the range 0.04 MPa/s (N/mm² x s) to 0.06 MPa/s (N/mm² x s). Apply the load without shock and increase continuously, at the selected constant rate ±1 %, until no greater load can be sustained. Splitting tensile strength of a specimen can be calculated from the equation: T= 2 P/ (π*l*d) Where: T is tensile strength, P is compression load at failure, l is length of cylinder, and d is diameter of the cylinder.
Resonance frequency meter test:
Modulus of elasticity of concrete was measured after 28 day of curing for three 150×300 mm cylinders using Resonance frequency meter.The cylinders were drilled at the center of cross section and connected to the Resonance frequency meterapparatus as shown in figure (5). The cylinder was slightly knocked on the other end to transverse the frequencies to the apparatus and modulus of elasticity was calculated using the software build in the apparatus. 
III. Results And Discussion
Fresh properties represented by workability (slump) test, while hardened properties represented by compressive strength test at 7, 14 and 28 days of curing, flexural and tensile strength as well as modulus of elasticity at 28 days of curing for each mix.
A. Fresh properties
Comparison of the measured slump of the fresh concrete mixes can be observed in table (6) and figure (6) .Test results of slump of control mix and polypropylene fibre concrete mixes show that PPFRC mixtures reduces the slump values which were needed to ascertain adequate workability of the fresh concrete to be placed and finished. In order to maintain reasonable slump without change in w/c ratio of the mix, the super plasticizer admixture was used. Segregation and reduction in strength will occur if only water content was increased to increase the workability.It was observed that the dosages of super plasticizer had been increased with the increase in PPF percentages. These results coincide with the most of the previous studies in PPFRC behaviour [14] , [4] . Table 6 : Effect of polypropylene fibre on slump and effect of increase in super plasticizer dosages in improve the workability of polypropylene fibre. 
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B. Hardened Concrete Properties
In order to evaluate the effects of polypropylene fibre on hardened properties of concrete; compressive, splitting tensile and flexural strength and modulus of elasticity of concrete specimens have been tested.
Compressive strength
Nine cubes of 150*150*150 mm were tested at 7, 14, 28 days for control mix and different volume percentages of polypropylene fibre concrete (0.1%, 0.3% and 0.5%). The following tables (7) and Figures (7) , (8) and (9) show test results.It's clear from table (7) and figures (7), (8) that a little reduction in compressive strength of PPFRC mixtures was observed at 7 and 28 days for all volume percentages of fibre compared to control mix. This reduction attributed to the presence of fibre in the concrete which affect the compaction of concrete and introduce more air voids. The reduction percentages range from 1% to 2%. The results coincide with pervious study in effect of PPFRC in compressive strength [4] .
14 days result of PPFRC in table (7) showed an increase in compressive strength of concrete for 0.1% and 0.3% of fibre about 7% and 4% respectively, after that compressive strength reduce to reach 9% less than control mix at 0.5% fibre percentage. Figure (9) shows the pattern of failure of cubes which coincide with the previous study of Fatima [4] .Fatima stated that the fibres tend to increase the ductility of the mix by increasing the failure strains. The smallerstrain of control mix is because of the fact that after the concrete reaches its peak stress; cracks appear and as the loading continues the failure is occurred by the crushing of the concrete specimen at a relatively lower value of strain. However in PPFRC mixtures the increase in strains is due to the fact that these fibres have an interlocking capability which allows these to hold the mixture together even after cracking and so prevent the shattering force. In PPFRC specimens, the bulging of specimens was observed without any significant deterioration of the test specimen. 
Modulus of elasticity
Three cylinders specimens of 300*150 mm have been tested at 28 day after curing for control mix and each volume percentages of polypropylene fibre concrete (0.1%, 0.3% and 0.5%). Table ( 8) and figure (10) show the results of the tests. Reduction in modulus of elasticity of PPFRC mixtures was observed for all volume percentages of fibre when compared to control mix. This reduction may be because modulus of elasticity has a positive relationship with the compressive strength of concrete. As PPFRC increase the modulus of elasticity decrease, the reduction percentage ranges from 2%, to 9%. 
Splitting tensile strength
Three cylinders specimens of 300*150 mm have been tested at 28 day for control mix and each volume percentages of polypropylene fibre concrete (0.1%, 0.3% and 0.5%). Table (8) and Figure (11), (12) show the test results.Results show significant improvement in splitting tensile strength for all percentages of PPFRC. Results agreed with the previous studies [11] and [4] .In the case of PPFRC, the PPF come into action after the first crack the PPF bridges these cracks and restrain them from further opening and hence improve the load carrying capacity of structural member beyond cracking. After the first crack, a drop in the stress is noted which shows the stress transfer from concrete to the randomly distributed fibres, which further take the applied load by elongating. The percentage of increasing ranges from 25% to 42% for 0.1% and 0.3% fibre volume percentages after that at 0.5% percentage the tensile strength start to decrease but it was also greater than the control mix by 25%. 
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Flexural strength
Three beams specimens of 100*100*500 mm have been tested at 28 day after curing for control mix and each volume percentages of polypropylene fibre concrete (0.1%, 0.3% and 0.5%). Table (8) and Figure (13) , (14) shows test results.Results show significant improvement in flexural strength at 0.5% PPF volume percentage. This result interpreted previously by Fatima [4] .Unexpected reduction of 13% in flexural strength was observed at 0.3% dosage of PPF; this may refer to bad quality control in laboratory. 
IV. Conclusions and Recommendations
Conclusions 1-In fresh state, when the volume of polypropylene fibre increased it caused reduction in workability and the mix became fibrous which results difficulty in handling. 2-Modulus of elasticity of polypropylene fibre concrete at 28 day was found to decrease (about 2% to 9%) with increase in fibre percentages. 3-Flexural strength at 28 day was increased for 0.5% volume percentage of PPFRC by 9%, a reduction in flexural strength at 0.3% occurred due to bad quality control in laboratory. 4-Strength enhancement in splitting tensile strength at 28 day due to polypropylene fibre addition varies from 25% to 42%.
Recommendations 1-The current construction industry demand new types of concrete are to be invented, which will satisfy the problems observed in traditional concrete. In this approach PPFRC will be a good substitute to meet the present demand of construction industry. 2-Transfer of what has been learned regarding FRC to the engineering community has suffered from a basic lack of specifications and standards in the field of engineering materials science. 3-Quality control, mixing and compaction procedure should be carefully considered when using polypropylene fibre mixes. 4-Polypropylene fibrebehaviour is complicated and need to study more than three volume percentages to understand its exact behaviour. 5-This study was conducted on plain concrete. Beneficial effects of PPF on reinforced concrete for structural applications should also be studied.
